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ABSTRACT 

The ESO Distant Cluster Survey (EDisCS) is a photometric and spectroscopic study of the galaxy cluster 
population at two epochs, z — 0.5 and z — 0.8, drawn from the Las Campanas Distant Cluster Survey (LCDCS). 
We report results from the initial candidate confirmation stage of the program and use these results to probe 
the properties of the LCDCS. Of the 30 candidates targeted, we find statistically significant overdensities of red 
galaxies near 28. Of the ten additional candidates serendipitously observed within the fields of the targeted 30, 
we detect red galaxy overdensities near six. We test the robustness of the published LCDCS estimated redshifts to 
misidentification of the brighest cluster galaxy (BCG) in the survey data, and measure the spatial alignment of the 
published cluster coordinates, the peak red galaxy overdensity, and the brightest cluster galaxy. We conclude that 
for LCDCS clusters out to z ~ 0.8 , 1) the LCDCS coordinates agree with the centroid of the red galaxy overdensity 
to within 25"(^ 150/z~' kpc) for 34 out of 37 candidates with 3<t galaxy overdensities, 2) BCGs are typically 
coincident with the centroid of the red galaxy population to within a projected separation of 200/i~' kpc (32 out of 
34 confirmed candidates), 3) the red galaxy population is strongly concentrated, and 4) the misidentification of the 
BCG in the LCDCS causes a redshift error > 0.1 in 15-20% of the LCDCS candidates. These findings together 
help explain the success of the surface brightness fluctuations detection method. 



I. INTRODUCTION 

Observations of the distant galaxy cluster population are be- 
ing driven by a new generation of catalogs that provide statisti- 
cally significant samples of hundreds to thousands of candidate 
clusters between redshifts 0.5 and L These catalogs can ei- 
ther serve as large statistical samples without appealing to any 
further observations, for example to measure the cluster-cluster 
correlation function (Gonzalez, Zaritsky, & Wechsler 2002), or 
as input for follow-up studies of selected subsamples. The Eu- 
ropean Southern Observatory Distant Cluster Survey (EDisCS) 
is a detailed follow-up study of 20 clusters, 10 at z ~ 0.5 and 10 
at z ~ 0.8, drawn from the 1073 candidate clusters cataloged by 
the Las Campanas Distant Cluster Survey (LCDCS; Gonzalez 
2000a; Gonzalez et al. 2001). This paper describes results from 
the preliminary effort to confirm the set of cluster candidates 
that will be the focus of the more extensive observations of the 
EDisCS. 

The value of a cluster catalog is greatly enhanced for any ap- 
plication if the catalog includes measurements of the redshift 
and mass of each candidate cluster Due to the size of recent 
catalogs, it is impractical to obtain spectroscopic redshifts or 
masses for a significant fraction of the catalog. Most catalogs 
now provide an estimate of these properties drawn solely from 
the survey data (see Postman et al. 1996; Gonzalez et al. 2001). 
Superior survey data, for example deeper images or multiple 
colors, should improve the reliability of the estimated parame- 
ters, but they decrease the observing efficiency. The optimum 
balance between the fidelity of the cluster catalog and obser- 



vational efficiency is not evident, and will depend on the sci- 
entific aims. Gonzalez et al. (2001) provided a catalog from 
what is arguably the most observationally efficient method (10 
nights at a Im telescope produced a catalog of ^ 1000 cluster 
candidates out to z 1 over an area covering 130 sq. degrees), 
but which might in turn provide the least robust estimates of 
the cluster redshifts and masses, and which, even more impor- 
tantly for some potential uses of the catalogs, may include a 
larger fraction of false detections. Using observations in multi- 
ple filters that are ^ 3 magnitudes deeper than original survey 
data, we examine whether the false positive rate quoted origi- 
nally for the LCDCS is vaUd and whether the LCDCS cluster 
coordinates and estimated redshifts are confirmed using deep, 
multicolor data. 

The LCDCS generated a catalog of concentrations of photons 
on the sky rather than galaxies (Dalcanton 1995,1996; Zaritsky 
et al. 1997; Gonzalez et al. 2001). Significant fluctuations in the 
background sky are classified into various categories, including 
high redshift clusters. The cluster redshift is estimated using 
the magnitude of the brightest galaxy near the surface bright- 
ness fluctuation, which is presumed to be the brightest cluster 
galaxy (BCG). The redshift-magnitude relationship for BCGs 
is calibrated using spectroscopy of a sample of ^ 20 clusters. 
The cluster mass is estimated using the peak brightness of the 
convolved surface brightness map, calibrated using a sample of 
^10 clusters with X-ray temperature and velocity dispersion 
measurements. The uncertainties in each of these estimators, 
and of the false positive and negative rates, are discussed by 
Gonzalez et al. (2001) in their presentation of the LCDCS. Our 
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examination of these issues here utilizes multifilter images of 
30 targeted fields, which contain 40 LCDCS candidate clusters, 
obtained with ESO's Very Large Telescope (VLT) as part of the 
initial stage of the EDisCS. 

The format of this paper is as follows. In §2 we present the 
data utihzed in this analysis and details of the reduction proce- 
dure. We then examine the two-color photometry in §3 to con- 
firm or reject the cluster candidates observed by EDisCS and 
test whether the fractional contamination is consistent with that 
given by Gonzalez et al. (2001). In §4 we test the robustness of 
the estimated redshifts quoted for the LCDCS, which are based 
upon the magnitude of the brightest cluster galaxy, with par- 
ticular emphasis on the potential problem of BCG misidentifi- 
cation. In this section we also quantify the offsets between the 
LCDCS coordinates, the locations of the brightest cluster galax- 
ies, and the peak of the projected galaxy distribution. Next, we 
briefly comment upon the LCDCS mass estimates in §5 and 
compare the LCDCS surface brightness with other observable 
quantities. Finally, a summary of the results and brief discus- 
sion of forthcoming work are presented in §5. For all physical 
distances in this paper we assume a flat, ACDM cosmology 
with ^0=0.3. 

2. DATA 

2.1. Sample Selection 

The data presented here are part of the ESO Distant Cluster 
Survey, an ongoing ESO large program to examine a set of ^ 
10 massive clusters in each of two distinct redshifts regimes, 
z ~ 0.5 and z — 0.8. The cluster candidates for this study are 
drawn from the Las Campanas Distant Cluster Survey (Gon- 
zalez et al. 2001), with candidate selection constrained by the 
published redshift estimates and surface brightnesses corrected 
for Galactic absorption, Scor- Candidates are selected to be 
among the highest surface brightness detections at each red- 
shift in an attempt to recover some of the most massive clusters 
at each epoch. Because some of the brightest detections, es- 
pecially at higher estimated redshifts, turn out to be spurious 
(for example, scattered Ught or tidal material around nearby 
galaxies) and because there is a factor of two scatter in the re- 
lationship between Ecor and mass (as measured from Tx or Lx', 
Gonzalez et al. 2001), we visually classify all of the candidates 
that satisfy our initial criteria (RA constraints, Y.cor > 8 x 10"^ 
counts s"' arcsec"^, 0.45 < z < 0.55 or 0.75 < z < 0.85) to se- 
lect the most probable, massive clusters. The distribution in 
Ecor of the observed list of candidates (not all visually approved 
candidates were observed) is shown in Figure 1 . A second set of 
criteria, based on the data presented here, are apphed to select 
the final 20 clusters that will be the focus of the EDisCS and 
will be discussed in the presentation of the deeper photometry 
of the EDisCS clusters (White et al. 2002). The final sample 
represents our best effort to select a subsample of the most mas- 
sive clusters at the two epochs, but is neither complete within 
the survey volume nor necessarily unbiased with respect to the 
LCDCS catalog. 

Using the estimated contamination rate for the LCDCS from 
Gonzalez et al. (2001) of ~ 30%, we targeted thirty candidates 
in an effort to obtain twenty confirmed clusters. We initially 
observed 11 at z ~ 0.5 and 13 at z ~ 0.8; the final 6 candi- 
dates were selected to replace false detections, poor systems, 
and clusters with galaxy colors inconsistent with the desired 
redshift intervals. Images of four candidates, two at each epoch, 
are shown in Figure 2. These thirty fields also serendipitously 



contain ten additional cluster candidates from the LCDCS cata- 
log, yielding imaging for a total of 40 LCDCS candidates. The 
ten serendipitous clusters are a more representative selection 
from the LCDCS catalog, although some may be at the same 
redshift as the target cluster and therefore be part of a larger 
association of clusters and groups. 
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Fig. 1 . — Distribution of peak surface brightness from the LCDCS catalog 
for the two epochs probed by EDisCS. The fiUed histograms correspond to the 
primary EDisCS targets, while the open histograms correspond to all clusters 
in the LCDCS catalog at these epochs. 



2.2. Observations and Image Analysis 

Preliminary imaging for the EDisCS was carried out in ser- 
vice mode during January and February of 2001 and in vis- 
itor mode on March 19, 2001 using the FOcal Reducer/low 
dispersion Spectrograph 2 (FORS2) in direct imaging mode 
on the UT2/Kueyen telescope on Paranal, Chile. The field of 
view is 6.8' x 6.8', with corresponds to a physical extent of 
~ 1 .7 - 2.2h~^ Mpc for the clusters in our sample. In total, thir- 
teen z ~ 0.5 candidate fields and seventeen z ~ 0.8 candidate 
fields were observed for 20 minutes in each of two passbands: 
/b and Rsp for the z ^ 0.8 sample and /b and Vb for the z ^ 0.5 
sample. In each passband, the observing time was split into 4 
exposures of 5 minutes each, dithered by ~ 10" between expo- 
sures. The service observing was only performed in photomet- 
ric conditions with seeing better than 1" seeing. The conditions 
on March 19 were ^ 0."8 seeing and thin cirrus. Comparison of 
the images for the three clusters observed on March 19, which 
were selected for the EDisCS final sample, to images taken later 
in photometric conditions shows that the extinction varied be- 
tween and 0.15 magnitudes during the night. 

The images had the bias removed by first subtracting a me- 
dianed master bias frame, taken each night, and then perform- 
ing and subtracting a linear fit to the overscan strip residuals. 
Because the data was taken in 4-port readout mode, this step 
was done separately for each quadrant. Medianed nightsky flats 
were then constructed for each week's data and used to flatfield 
the images. Our visual inspection of the flatfielded data did 
not find any evidence for dust spots or other large-scale flue- 
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Fig. 2. — /-band images of four of the cluster candidates targeted by this program. The field of view for each image is 2' X 2'. The two candidates on the left, 
LCDCS 0713 (far left) and LCDCS 0188, have estimated redshifts z ~ 0.5, while those on the right, LCDCS 0172 and LCDCS 0531 (far right), have estimate 
redshifts z ~ 0.8. These candidates are neither the best or worst in our sample, with galaxy overdensities detected at the 5-6 a significance level (see §3). 



tuations, suggesting that the flatfield did not change over the 
course of a week. The images were then ahgned using integer 
pixel offsets and averaged with 3(7 cUpping to remove cosmic 
rays. 

For each cluster candidate field, the images taken in the 
two filters were carefully registered (when needed) using 
IRAF/IMSHIFT. Galaxy aperture photometry was performed 
using SExtractor version 2.2.1 (Bertin & Arnouts 1996). SEx- 
tractor was used in "two-image" mode using the image as the 
detection image. The detection and analysis thresholds were 
set to 1 (Jiikg with a minimum area of 5 pixels and a minimum 
contrast parameter for deblending of 0.001. To maximize the 
signal-to-noise of our measured colors, we used an aperture di- 
ameter of 2". Instrumental aperture magnitudes were calibrated 
using the airmasses of our observations and the FORS2 photo- 
metric zeropoints produced by the Quality Control Group at 
ESO/Garching for the nights of our observations. 

3. CLUSTER CONFIRMATION 

The first goal of the EDisCS program is to confirm a subset of 
the candidate clusters selected from the LCDCS. As described 
by Nelson et al. (2001), photometric data alone provides various 
ways in which to identify a cluster Clusters are by definition a 
localized excess of galaxies, but these can be difficult to identify 
when superposed on a sea of foreground and background galax- 
ies. One approach at increasing the contrast between the cluster 
and contaminating field has been to utilize the observational re- 
sult that clusters contain galaxies that appear to be nearly as 
red (evolved) as possible at each epoch out to at least z ~ 1 
(Stanford, Eisenhardt, & Dickinson 1998). By examining the 
clustering of these red galaxies, which lie along the passively 
evolving E/SO sequence, the clusters are more easily identified. 
Our approach is quantitatively similar to that of Olsen et al. 
(2001), who divide their galaxy catalogs into color slices and 
then employ an adaptive smoothing kernel to detect statistically 
significant galaxy overdensities, and qualitatively similar to the 
approach demonstrated by Gladders & Yee (2000). Like Olsen 
et al. (2001), we use adaptive kernel smoothing, starting from 
an Epanechnikov kernel with h = 30" (see Merritt & Tremblay 
1994, for more details on adaptive smoothing). We restrict the 
magnitude range of the galaxies used for the maps on the basis 
of the estimated redshifts of the cluster candidates. For can- 
didates with estimated redshifts Zest < 0.7 we include galaxies 
with 18 < m/ < 21.5, while for higher redshift candidates we 
raise the limiting magnitude to m/=23. We refrain from any 
further refinement of the magnitude range to match individual 



clusters because the accuracy of the redshift estimates is not yet 
firmly established. 

Rather than using a fixed color slice set by the cluster's esti- 
mated redshift, we search color space to optimize the contrast 
between the cluster signal and the galaxy background. We step 
through color in increments of 0.05 mag, deriving an adaptively 
smoothed density map at each step using galaxies with colors 
within 0.5 mag of the central color. This approach neglects the 
slope of the color-magnitude relation for E/SO galaxies, but the 
color change due to the slope is significantly less than 0.5 mag 
(Stanford, Eisenhardt, & Dickinson 1998). We define the op- 
timal color to be the one that yields the highest significance 
galaxy overdensity within 1' of the coordinates given in the 
LCDCS catalog. 

The results of the adaptive kernel smoothing are shown in 
Figures 3-4- and Table 1. We estimate the statistical signifi- 
cance of galaxy overdensities by constructing a histogram of the 
pixel distribution in the smooth maps and making the approx- 
imation that 84.15% of pixels in the density map must exceed 
the mean (~ 0) by less than la. To assess the likelihood that 
detected overdensities are associated with the original LCDCS 
detections, we also compute the probability that an overdensity 
will lie within a given distance of a surface brightness detec- 
tion purely by chance. Based upon the number of detected 3a 
(4a) overdensities, we calculate that there is a 6% (2%) proba- 
bility that a random overdensity peak will lie within 25", or 2.5 
times the scale length of the smoothing kernel employed in the 
LCDCS. For a 1' radius, the probability is 33% (11%). Thus, 
detections within 25" are unlikely to be chance superpositions 
at roughly the 3cr confidence level, while those within 1' are 
significant at roughly the la level. 

For the targeted EDisCS sample, 29 out of 30 candidates 
have a 3a peak present within 1', with the one remaining de- 
tection having a significance of 2.9a. Of these 29, in only one 
instance is the separation between the peak galaxy overdensity 
and the original coordinates greater than 25". If we conserva- 
tively consider both this detection and the 2.9a detection to be 
failed candidates, then the success rate for the targeted EDisCS 
candidates is 93%. We conclude that the LCDCS catalog at 
these values of Scorr even out to Zest ^ 0.8 has a low false posi- 
tive rate when augmented by visual inspection. 

As expected, the success rate is lower for the serendipitously 
observed LCDCS clusters because these candidates lack the 
surface brightness selection criteria and visual culling applied 
to the primary EDisCS targets. Based upon the redshift distri- 
bution of these ten candidates and the contamination estimate 
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Fig. 3. — Galaxy overdensity maps for each of the primary EDisCS candidates. North is up and East is to the left. The labels in each panel are the identification 
number and estimated redshift from the LCDCS catalog, and the field of view for each panel is 160" X 160", centered on the coordinates from Gonzalez et al. (2001, 
cross symbols). Contours are separated by 1 -cr intervals, with the lowest contours corresponding to a 2- a threshold level. The stars correspond to the peak galaxy 
overdensity in each field. Candidates with zest < 0.7 (top) were imaged in R-I; those with zest > 0.7 (bottom) were imaged in V-I. We detect > 3-a excesses 
within 1' of all thirty EDisCS candidates. 
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Fig. 4. — Galaxy overdensity maps for the serendipitously imaged LCDCS candidates. Tlie field of view, labels, contours, and symbols are the same as in Figure 
3. Statistically significant (3<t) galaxy overdensities are found within 1' of eight of the ten candidates. For LCDCS 0190, the contours are truncated by the images 
boundary. 
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Fig. 5. — Color-magnitude diagrams for a subset of the cluster candidates targeted by the ESO Distant Cluster Survey, with two random fields shown for com- 
parison. The plotted clusters are selected to span the range of redshifts and galaxy overdensities covered by the full EDisCS sample. For the lower redshift clusters 
(left), the color is V-I; for the higher redshift clusters (right) R-I. The data points plotted in each panel include all galaxies within 30" of the pubUshed LCDCS 
coordinates. The dashed lines denote the color that yields the highest significance overdensity in the adaptively smoothed galaxy density maps. The numbers listed 
next to the cluster names are the estimated redshift and the statistical significance of the detected galaxy overdensity. 



6 



Gonzalez et al. 



published by Gonzalez et al. (2001), we predict that 4±2 of 
these candidates should be spurious. In practice, we find 3a 
peaks within 1' of 8 out of 10 candidates. The separation be- 
tween the peak galaxy overdensity is greater than 25" for two 
of these detections. If we again assume that these detections 
are not associated with the LCDCS detections, then we derive 
a conservative bound on the success rate of 60%, which is con- 
sistent with the predicted rate. 

While the significant overdensities are indicative of clusters, 
we must still confirm the LCDCS redshift and mass estimates. 
The best fit colors from our adaptive smoothing procedure pro- 
vide a first crude test of the estimated redshifts. Because the 
candidates are intended to fall into two redshift bins, the col- 
ors of the clusters should be consistent within each redshift bin 
and one might expect them to be consistent with the colors of 
evolved galaxies at the two redshift epochs. To refine our clus- 
ter color estimates, we rerun the adaptive kernel algorithm us- 
ing a narrower color window (±0.2 mag) than was used for ini- 
tial detection. In Figure 5 we plot color-magnitude diagrams for 
a subset of our cluster candidates, overlaid with dashed lines to 
denote the optimal color that we derive using the adaptive ker- 
nel. The plotted candidates are selected to span the range of 
redshifts and galaxy overdensities covered by the full EDisCS 
sample. In Figure 6 we plot this color (V-I and R-I for the 
low and high redshift candidates, respectively) vs. Zest, and 
overplot model tracks for an evolved single burst stellar popu- 
lation (Bruzual & Chariot 1993; Chariot, Worthey, & Bressnan 
1996). We caution that our colors cannot be straightforwardly 
converted into redshift estimates (as one could attempt to do 
from this Figure) because our method provides only a crude 
color for the E/SO sequence. However, a rough comparison 
to the expected colors for evolved stellar populations suggests 
that the reddest clusters do have colors consistent with their Zest< 
while some other clusters appear to be significantly bluer than 
expected (up to ~0.6 mag), particularly among the z ~ 0.8 sam- 
ple. Without spectroscopy we cannot reach a definite interpreta- 
tion of this result, but we can enumerate possible explanations. 
The scatter could be partially driven by the inclusion of over- 
densities that are alignments of poorer groups along the Une of 
sight rather than single clusters. Such detections would have 
a broad color range rather than a well-defined red sequence. 
Similarly, rich foreground clusters could also contaminate the 
observed color-magnitude diagrams of the targeted candidates. 
Chance alignments are unlikely in the LCDCS due to the small 
size of the detection kernel (Gonzalez et al. 2001); however, 
such alignments cannot presently be discounted in the galaxy 
overdensity maps. We anticipate that these effects are minor, 
but confirming this expectation requires more data. 

Two additional, more interesting possibilities are that 1) the 
clusters have a well-developed E/SO sequence and are at lower 
redshifts than originally estimated, or 2) the clusters do not 
have a well-developed sequence and our color matching finds a 
higher density contrast between cluster and field at colors that 
are intrinsically bluer than the E/SO sequence. The former con- 
clusion would pose a serious problem for the LCDCS catalog 
because many high redshift cluster candidates could turn out to 
be at lower redshifts (by as much as 0.3 to 0.4); the latter con- 
clusion would have interesting implications both for models of 
the evolution of cluster galaxies between z = 1 and 0.5, and for 
selection of clusters on the basis of the red sequence population 
(see Gladders & Yee 2000). Our ongoing deeper photometry 
and spectroscopy of these clusters will provide the necessary 



data to discriminate between all these possibilities. 

In concluding this section, we note that if the first possibiHty 
(systematically underestimated redshifts) is correct, then there 
are several factors that could contribute to such an error, includ- 
ing (1) misidentification of the BCG when estimating the clus- 
ter redshift, (2) failure of the BCG magnitude-redshift relation 
due to physical evolution of the BCGs, or (3) failure of the BCG 
magnitude-redshift relation in Gonzalez et al. (2001) at z « 0.8 
due to insufficient of calibration data at this epoch. We examine 
the possibility of BCG misidentification in §4, finding that this 
factor alone is likely insufficent to explain the range of observed 
cluster colors. Physical evolution is also an unlikely culprit, 
as various studies of BCGs out to z 1 (Aragon-Salamanca, 
Baugh, & Kauffmann 1998; Burke, Collins, & Mann 2000; 
Nelson et al. 2002) find mild or no luminosity evolution. If 
the redshifts are systematically underestimated, the most prob- 
able culprit is failure of the magnitude-redshift relation due to 
insufficient calibration data at this epoch - only one cluster in 
the calibration set has a spectroscopic redshift at z > 0.7. 
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Fig. 6. — Color of detected galaxy overdensity as a function of pubUslied 
estimated redstiift (see §4.2). Clusters with R-I data are denoted by open cir- 
cles; those with V-I data are denoted by filled circles. Overlaid are passive 
evolution models for a flat ACDM cosmology (Qo=0-3). The dashed and solid 
lines are the formation redshifts of 2 and 5, respectively. In the cases where 
BCG misidentification leads us to revise the redshift estimate by more than 
0.15 (see §4), we use crosses and open triangles to denote the original and 
revised redshift estimates, respectively. 

4. BRIGHTEST CLUSTER GALAXIES 

The estimated redshifts of each LCDCS cluster are derived 
using the BCG magnitude-redshift relation, which has small 
scatter out to z — 1 once a correction for cluster "richness" 
is applied (e.g. Sandage 1988; Aragon-Salamanca et al 1993; 
Aragon-Salamanca, Baugh, & Kauffmann 1998; Collins & 
Mann 1998) and should yield redshift estimates accurate to 
±17% (Postman & Lauer 1995). The key concern with this 
approach, particularly for the LCDCS data, which are shallow 
and do not include colors, is the possibility that the BCG has 
been mis-identified. We use the VLT data to address two as- 
pects of this concern. First, we use the color data to improve 
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our BCG selection (see Nelson et al. 2002), and quantify any 
changes that occur in our redshift estimates due to the poten- 
tial selection of a different galaxy as the BCG. Second, we use 
the deeper imaging to estimate the relative contributions of the 
cluster galaxies and the BCG envelope to the surface bright- 
ness feature originally used to identify the cluster. Gonzalez et 
al. (2000fc) note that the BCG in Abell 1651, a nearby cluster, 
contributes ~ 36% to the total cluster Ught, so we ask whether 
the LCDCS coordinates are more closely aUgned with the BCG 
or the peak of the galaxy distribution in the smoothed galaxy 
density maps. 
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Fig . 7 . — Impact on the estimated redshifts of misidentification of the bright- 
est cluster galaxy in the original LCDCS data, (a) Histogram of the redshift 
error due to misidentification for all 34 candidates with confirmed red galaxy 
overdensities. The filled region denotes clusters with published estimated red- 
shifts z > 0.65. (b) Comparison of the revised estimates with the published 
values for the 34 confirmed targets. 



4.1. BCG Identification 

Because the LCDCS had no color information, the identifi- 
cation of the BCG was confined within a projected separation 
of 15", < SOh~^ kpc, from the centroid of the detected surface 
brightness fluctuation to minimize contamination. An evident 
concern is that the BCG may not he within a projected separa- 
tion of 15" and so we may overestimate the cluster redshift. To 
test whether this is a significant problem we have compared our 
initial results with those obtained using color-selected BCGs 
and much larger search radii and find only a modest effect (Nel- 
son et al. 2002). We redo that test with these new data. 

We define the BCG to be the brightest galaxy within a pro- 
jected radius of 350 kpc from the peak of the galaxy dis- 
tribution that has a color within 0.2 mag of the fitted E/SO- 
sequence. To implement color selection, we obtain a more 
precise measurement of the location of the E/SO sequence by 
using the adaptive kernel to perform a second, finer grid search 
through color space using a narrower color window (±0.2 mag) 
than we did for cluster identification. While the EDisCS data 
is employed for the color selection, we use the LCDCS sur- 
vey data in the W passband (the wide, optical filter used for 
the LCDCS) to obtain the magnitude of the brightest galaxy 



(the LCDCS magnitude-redshift relation is calibrated in the W- 
band). The search radius is a compromise between maximiz- 
ing the probabiUty of including the BCG and minimizing the 
number of bright foreground galaxies with similar colors. We 
choose a radius of 350 /z"' kpc (65-100" at z = 0.85-0.35) 
because 90% of local BCG's in Abell and ACO clusters he 
within this radius of the cluster center (Postman & Lauer 1995). 
Because three of the clusters (LCDCS 0632, LCDCS 0633, 
LCDCS 0634) are at small projected separations from one an- 
other, we decrease the search radius to 200 /;"' kpc for these 
three systems. We find that 79% of BCGs lie wiflrin 15" of 
the centroid of surface brightness fluctuation detected in the 
LCDCS. The concentration of color-selected BCGs at projected 
separations <c 350/i"' kpc (see Figure 8^) suggests that the typ- 
ical BCG is within this projected radius at both z — 0.5 and 
z~0.8. 



4.2. Estimated Redshifts 

Once the BCG is identified, we use the original LCDCS pho- 
tometry and Equation 8 from Gonzalez et al. (2001) to de- 
termine revised estimated redshifts. Figure 7a presents a his- 
togram of the differences in estimated redshifts relative to the 
original catalog. For the 34 candidates with confirmed galaxy 
overdensities from §3, the BCG identification differs from Gon- 
zalez et al. (2001) in sixteen cases (47%). In 12 of these cases, 
the BCG from Gonzalez et al. (2001) fails the color selection 
(including three objects that are point sources in the deeper 
imaging). These objects are typical bluer than the red sequence 
and are likely foreground contaminants (although some may in- 
deed be cluster galaxies with strong star formation). In the other 
four cases, the new BCG identification is a galaxy further than 
15" from the published cluster location. 

Despite the high incidence of BCG misidentification, in only 
six cases (18%) does the new identification change the esti- 
mated redshift by |Azej,| > 0.1. This result is consistent with 
the published rms uncertainties of 13% at Zcm — 0.5 and 20% 
at Zest — 0.8 for the estimated redshifts, although as noted by 
Gonzalez et al. (2001) the uncertainties are not symmetric about 
Zest- In four of the six cases where the change in redshift is sig- 
nificant, z was overestimated because the BCG is at a projected 
radius that is greater than the LCDCS search radius (15"). In 
the other two cases a foreground galaxy and a star were mistak- 
enly identified as the brightest cluster galaxies in the LCDCS 
data (which is in a single filter and has an average image quaUty 
of 1.5 arcsec). Figure 7b shows the impact of these errors. The 
net result is that 3 of the candidates with published redshifts 
Zest > 0.75 should have estimated redshifts Zest < 0.65 based 
upon the new BCG identification (19%), while one cluster 
with pubhshed value Zest = 0.4-0.6 should have an estimated 
redshift Zest > 0.7. The other cluster with a significantly un- 
derestimated redshift had a published value Ze.5/=0.78, and so 
remains in the high-redshift bin. A definitive assessment of the 
robustness of the redshift estimates awaits spectroscopic obser- 
vations of the EDisCS candidates, but this analysis indicates 
that targeted searches using the LCDCS catalog should ex- 
pect of order 15-20% of candidates to have redshifts that differ 
from that pubhshed by Az > 0. 1 due to BCG misidentification. 
This conclusion agrees with that of Gonzalez et al. (2001). 
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Fig. 8. — (a) - The distribution of angular separations between the pub- 
Ushed LCDCS coordinates and the peak galaxy overdensity for the 37 candi- 
dates with 3a detections within 1' of the puWished coordinates, (b) - The solid 
histogram is the distribution of projected separations (in kpc) between the 
LCDCS coordinates and the BCG for the 34 candidates with confirmed red 
galaxy overdensities from §3. For comparison, the overlaid dashed histogram 
shows the separations between the LCDCS coordinates and peak galaxy den- 
sity for these clusters. 

4.3. Alignments and Structure 

The LCDCS detection of "clustered" photons does not dis- 
criminate amongst the possible sources of those photons. The 
surface brightness feature could be dominated by unresolved 
galaxies or the extended BCG halo. The degree to which each 
of those contributes to the surface brightness fluctuation dic- 
tates what type of cluster we are most likely to identify and 
impacts the estimate of the cluster mass. We compare the 
alignment of the BCGs and peak galaxy overdensities with 




2*(i+z)5.i (cts s-1 arcsec-2) 

Fig. 9. — (a) Absolute magnitude of the red sequences as a function of sur- 
face brightness, S. The surface brightness has been multiplied by (1 
to account for E+k corrections and cosmological dimming (Gonzalez et al. 
2000fo). The cross in the lower left comer denotes the typical error bars for 
each data point (including redshift uncertainty), while the arrow shows the 
magnitude and direction by which a data point would move if the redshift 
estimate were increased by 0.1. (b) Significance of galaxy overdensity as a 
function of S. 

the LCDCS detections in Figure 8. It appears that these clus- 
ters have established their dynamical centers and that galaxies 
within the core region have relaxed into a common potential 
well by z ~ 0.8. While the brightest cluster galaxy locations 
are well-correlated with the LCDCS detections (79% lie within 
15"), we note that they are no better aligned than the peak 
galaxy overdensity. For the six cases in which the peak galaxy 
overdensity and BCG location are not coincident (> 15" sepa- 
ration), the LCDCS coordinates are closer to those of the galaxy 
overdensity than to those of the BCG in four instances. Thus, 
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the LCDCS surface brightness detections appear to be more 
sensitive to the contribution of the unresolved cluster galaxies 
than to the light from the extended halo of the BCG. 

5. THE LCDCS MASS ESTIMATES 

In addition to redshift estimates, the LCDCS also provides a 
coarse means of estimating cluster masses. Specifically, Gon- 
zalez et al. (2001) finds that the peak surface brightness of the 
LCDCS cluster detections, Scor, is strongly correlated with X- 
ray temperature and velocity dispersion (linear correlation coef- 
ficients r=0.80 and r=0.82) for a calibration sample of roughly 
ten clusters. While we are unable to test these mass predictions 
with the current data set, we do check whether the peak surface 
brightness is correlated with either the absolute magnitude of 
the cluster red sequence (Figure 9a) or the significance of the 
galaxy overdensity detection (Figure 9b). For the former, we 
compute the total background- subtracted magnitude for galax- 
ies within 100/z~^kpc of the peak galaxy overdensity with colors 
within 0.2 mag of the red sequence. We then compute the abso- 
lute magnitude for a flat flo = 0.3 ACDM cosmology. We find 
that there is a weak correlation between the absolute magnitude 
of the red sequence and the peak surface brightness (r=0.4); 
however, we refrain from deriving quantitative conclusions at 
present. Redshift errors move points on a track nearly paral- 
lel to the observed correlation (as indicated by the arrow in the 
Figure), and are sufficiently large to preclude robust conclu- 
sions. Spectroscopic redshifts will be required to disentangle 
this effect. We also find that the significance of the galaxy over- 
density peak is weakly correlated with the absolute magnitude 
of the red sequence (r=0.4). However, we find no significant 
correlation between the strength of the galaxy overdensity and 
the LCDCS surface brightness (Figure 9b), possibly due to the 
large scatter in both quantities. 

6. SUMMARY AND DISCUSSION 

In this paper we present results from the initial phase of the 
ESO Distant Cluster Survey (EDisCS), using VLT imaging to 
better characterize the Las Campanas Distant Cluster Survey 
catalog. We first use smooth density maps of the color-selected 
galaxy distribution to confirm cluster candidates. We find that 
93% (28/30) of the EDisCS targets are coincident with sta- 
tistically significant overdensities of red galaxies, as are 60% 



(6/10) of serendipitously imaged LCDCS candidates. The lat- 
ter number is consistent with the contamination rate published 
by Gonzalez et al. (2001) for a randomly- selected subsample 
of the LCDCS with the same redshift distribution. In addition 
to confirming a set of promising LCDCS candidates for fur- 
ther study, we also use the photometry to identify the brightest 
cluster galaxies and use these identifications to test the robust- 
ness of the estimated redshifts published in the LCDCS catalog. 
We find that misidentification leads to redshift errors Az > 0.1 
in 6/34 cases (18%), which is also consistent with predictions 
from Gonzalez et al. (2001). In addition, we find that the sur- 
face brightness detection technique appears to be slightly more 
sensitive to the overdensity of unresolved cluster galaxies than 
it is to diffuse emission from the extended halos of brightest 
cluster galaxies, indicating that the redshifts are most likely to 
be overestimated for dynamically unrelaxed systems in which 
the BCG and peak galaxy overdensity are not aligned. 

Of more general interest are our findings that 1) the distri- 
bution of red cluster galaxies is generally regular and highly 
centrally concentrated out to z ~ 0.8, and 2) that the BCGs are 
also found near the concentrations of red galaxies, suggesting 
that the cores of clusters out to z ~ 0.8 are typically dynamically 
relaxed. The use of photometric and spectroscopic redshifts ob- 
tained as part of EDisCS will help establish whether these con- 
clusions hold once cluster members are identified. The above 
results verify that the surface brightness fluctuation technique 
proposed by Dalcanton (1995,1996) and employed by Gonza- 
lez et al. (2001) is an effective method of identifying distant 
clusters, and demonstrate that the utility of the LCDCS catalog 
redshifts is not seriously compromised by misidentification of 
the BCG. Upcoming spectroscopy for the EDisCS will improve 
upon this analysis by directly testing the robustness of the red- 
shift estimates, as well as the LCDCS predictions for the cluster 
velocity dispersions. These data define the sample of clusters 
that will comprise the EDisCS. 
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Cluster Confirmation 
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Note. — In the comments, >25" refers to the separation between the peak galaxy overdensity 
and the published LCDCS coordinates, while Az = Znew—Zest denotes the change in estimated 
redshift due to the revised identification of the BCG. We only list this value for candidates where 
the redshift estimate changed by Az > 0.1. 



